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Introduction
The antib�cterial agent, �3nic1lliQ, wss not
sparked into being ov•::rnight, but lik::: sulfanilamide,
its application to clinical medicine pyramided a
procession of 3hrewd scientific observations that
extended over a period of years.

Dubos (14) .!:-'ointed

out in his Harvery Lecture that 1n 1860 Pasteur stated
that a mold Penicillium glaucum attacked the d-form
of tartaric acid, but was inactive asainst the 1-form.
The specificity of microbiological activity was again
em phasized by Pasteur and Joubert in 1877 when they
observed that anthrax bacilli were prevented from
growing wh?n certain other organisms were also present
in th3 cultur3 medium .

To them is credited the first

suggestion of using this 3ntagonistic property of
bacteria for curative purposes.
Since this funds.mental observation, many exa:nples
of th e same ph3nomenon, called :nicrobial antagonism,
have been recorded.

In many cases the inhibitory

effect of one microbial species to another is due to
metabolic products formed by the antagonist.

These

products have recently been termed "antibiotics". (17)
The earilest attem pt to introduce antibiotics into
medicine was made by 'Immerich and Loew ('15) in 1898.
They extracted an impure material, which th2ly
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terme:::i tpyocyanase," from old. culture filtr:1tes of
Pseudomonas pyocyanea and showed that it had the
property of c'lu ing death, or lysis, of some of the
ba cteria which can cause disease in :nan.

Pyocyanase

prove5 to he highly toxic but for ye ars the material
was �.9plied locally for ths tr2atment of hu :.an L1fect1ons,
S'clCh

as the topical application of i,)yocynase to the

oral pharynx of C'1rriers of the diphtheria bacillus.
Later the observations of

the British bacteriologist

Twort, which were exteded by tha French physician,
d'Herelle, were crystallized in the concept that
b9cterial growth produced a highly a.t-'ecific antimic-·
robial agent known as bacteriophage (68).
two -Snglishmen, Raistack an::i,

In 1927,

obinson, isolated a

crystalline antibacteria l substance from the mold
Penicilli1m citrinum, which is known as "citrin" (68).
In 1939 Dubos (13)(14) obtainzd a powerful anti
bacterial substance from cultures of Bacillus brevis.
This substance was called gra.micidin and nae found to
be !!!Ore effective than sulfo:-1arnides but was far too
toxic to inject i7to blood strea m but can be used for
application locally to infected wounds.

Because of

the limited ,:1ode of administration, grs.micidin has not
replaced the sulfonamides, and in the future it will
be su�erseded by penicillin.
-2-

Nevertheless, the original

st�dies of Dubos has stimulated many inV3Stigations
to pursue the pote:itiali ti ":S of oth-::,r antibiotic agents.

-3-

History of Penicillin
Penicillin is a substance derived from a common mold,
Penicillium Jotatum, the green mold often seen

on moldy bread and cheese.

Evidence of its existence was

first discovered in 1929 by Doctor Alexander

Fleming, at St. Mary 'a •-:ospital, London.

While ex

ami:1ing soms culture plate.s that had been necessarily
ex;osed to air and thus became conta,ninated w1 th air
borne micro-organisms, Fleming noted that sta.c-1hylococcus

c�lonies surrounding a large colony of contaminating
'nold had become transpare.::1t and obviously wers
undergoing lysis.

en the basis of this observation,

Fleming sur:nised that the fungus exuded a material
inimical to the well-being of these micro-organisms.
His subsequent experiments showe

this hypoth3sl

to

be correct. (18)

From a. study of morphological charactfir1st1cs

of t�e mold,

;1ing for'Iled the opinion that it was

a strain of Pen1Gillium ri.lbru"n, a. conclusion which
was subsaquently oorre:!ted by Thorn (19) in 1932, who
id:>ntified the organism more exactly as a strain
clos�ly related to

Penicillin notatum Westling.

Fleming made subcultures of this mold and conducted
experiments with a view to finding out what he could
about the substance in Penicillium which exerted this
antibacterial action.

It was found that broth i ·1
-4-

which penicillin bad been grown for one to two weeks
exerted a marked inhibitory and b&cteriolytic effect
on many of th� more ·coD1I11on pathogenic bacteria.

When

it was grown on solid media it diffused to the sur
rounding.medium and th� produced a zone of lysis
around the mold.(18)

Flemi,1g found that the action of the broth
filtrate against staphylococci, hemolytic streptococci,

pneumococci, gonococci and the diphtheria group of

bacilli was very marked, but the coli-typhoid group

and influenza bacillus were insensitive to its action.
It was also shown that this broth filtrate to which
he gave the name Pen1c1111n, was non-toxic and non
irritant to mice when given in enormous doses.

Clinically, the yalue of p�n1eill1n still was

1harply limited at this stage, since no procedure had
been devised for the extraction of the active material
from the broth.

However Fleming suggested its use

as an agent for the suppression of the growth of

contaminating organisms in the selective culture of

B. 1ntluenzae rrom sputum�

He also advanced the view

that the culture filtrate might be used as "an etf1c1ent

antiseptic for application to, or 1nJect1on into areas

infected with pen1c1111n-sens1tive microbes."

Following the publication .of·Fleming's work in

--5-

1929, penicillin was used 1n some laboratories for
the isolation of the influenza bacillus but other
wise forgotten since the sulfonamides were showing
much therapeutic value during this period.

It was.

not until 1940, that the tremendous therapeutic
poss1b111ties· of th1s antibacterial agent were

generally appreciated.

At this time a group of oxford

university workers under the leadership or caa1n and

Florey (7) announced the results or their experimental

work confirming the findings of Fleming and also the

isolation of the active principal in an impure form

as a brown powder which was freely soluble in water.
Their results further indicated that aqueous solutions
or the drug could be administered parentally to
animals 1n any re�sonable dose with practically no
evidence of toxic effects.

Moreover by mouse in

oculation tests, they showed that penicillin afforded

almost complete protection against the streptococci,

staphylococoi, and clostr1dium septique.

Ona year later, 1941, Abraham, Chain et al. (2)

publiahed a more exhaustive paper descr1b1ng the

preparat1'ons and properties or penicillin together
with results

or ten successfully treated clinical

cases

with penicillin, whose inf.ections had been resistant
to other forms of treatment including sulfanil&mide

-6-

and sulfapyridine.

With the publ1cat1on ot these papers, interest

in the el1n1eal possibilities ot penicillin was greatly
stimulated.

In the fall ot 1941 1 arrangements were

made tor the production of pen1c1ll1n in the United
States.

Shortly thereafter, America's entry into the

war added the element ot urgency to the already
aroused sc1ent1f1e interest 1n the therapeutic

poss1b111t1es of P.en1c1111n, thus production and
......,

researchc�are progressing on

-1-

&·

large scale.

Susceptibility or Or5an1sma to Penicillin
In general, penicillin is effective against
gram-positive be,cteria, both aerobic and anaerobic,
and n31sser1 but relatively ineffective against the other
gra.:I1-n3gativs or;;anisms.
among dif

Ther':: is considerable variati-=>n

rent strains of the same or

ganism as wsll a.a a:nong the various organisms.
�leming (18) observed that members of the coli

typhoid group war:: unaffe:.;ted as w:are other intestinal
bacteria, such as B . i�ocyanea,

a.

proteus, vibrio

cholera.e and enterococci, :r1edlan:lers bacillus and
B. 1nfluenzaa.

B ut staphylococci, streptococci,

anthrax ba-;illus, pneu·:1ococc1, gonococci, meningococci

and B. diphtheria were inhibited by the broth filtrate.
Florsy and. J3nnings (23} confirmed the abova

find.L,gs and in ad,jit1on found clostridium wel:::hii
and Salmonella typhi and Salmonella gaetneri susceptible.
Hobby,Meyer and Chaffa; (37) carriad out in

vitro tests o f the activity of penicillin and listed
the organisms as f0llows:
�u�ceptible S1!:_ains

Insusceptible Strains

Sta.,phylococcus
Gonococcus
Pneumo coccus
\1eningococc1..1s
Streptococ ·us hem.
Streptococ :us viridans
B. subtilis

H.
B.
B.
B.
B.

Cl. W31Chii

V. septique
Cl. histolyticus
B. sporogenes
B. oedematiens
La.cto-bac1llus

-8-

Influenza
Typhosus
proteus
enteridi.tis
pyocyaneus
fluorescens
B. prodigiosus
FriedlandGrs bacillus
Staphylococcus albus
Micrococcus albus
E. coli
B. dysenteriae
B. paratyphosus A.
H

B. sordeJli
Cryptococcus hominls

Monilia alb1cans
!Jon111a kr.1sa1
,,fi.onilia ca·'.cl.ida

Bornstein (6) an,:l Chain et a.1 (7) had prav1ou::ly

shown many organisms includ�d in th� above

being suscei)tibla to the brot'1 filtrat8.

st as

In addition

t:. the abov:o lists, Chain et al (2) found the Bacillus
anthracis, Corynebaoterium diphtheriae and Clostridium
t3tani su�ceptible to penicillin and the Anaerobic
str�ptococci, Mycobacterium tuberculosis, Leptos;iira
ict?rohaemorrhagiae and Pasteurella pestle insusceptible.

-9-

Resiatanc� ot Organisms to Penicillin
In considering the effect

or penicillin on

organisms and 1ts use in chemotherapy, it must be
borne in

ind that organisms may become resistant to

penicillin.

Some bacteria may have either a natural

resistance or acquire a resistance to the drug.
Florey et al(2) adapted a staphylococcus aureus

culture to pen1c1111n so that after a period of nine
weeks of growth in broth contain1pg penicillin, it

required for inhibition a concentration thirty times

greater than that which inhibited the original culture.
The growth-velocity or the resistant strains was

reduced but �o penic1111n-deetroy1ng enzyme penicill1nase
which has been demonstrated in B. Coli (Abraham and
Chain (1) ) was present.

This has been confirmed by

Sr,ith and Hay (67) and Rammelkam.p and Maxon (59).

The

latter also found that organisms isolated from four
out of fourteen patients before the institution of
pe�icillin therapy w?re much less resistant than
strains obtai�ed after therapy.

In one subject this

was a !actor in the poor results obtained.

Small colony variants(G-rorms) were produced

by the action of penicillin and Bacl2 in a strain or
staphylococcus albus by Schnitzer et al (65). These

variants showed a high resistance toward the bacter1o

sta\1e activity or penicillin.
-.10-

They also acquired a

resistance toward methyl violet, so the resistance
toward penicillin does not seem to be a specific
drug-fastness, but a modification undergone by these
dissociated strains.
VoKee and Rake (49) obtained pneumoeocci which

after growth 1n penicillin broth for a short time
were resistant to _twice the previously inhibitory
concentrations in vitro. No difference in resistance

could be shown by mouse protection tests.

However,

Schmidt and Sesler (64) round two strains or pneumo-

�cocci that developed a resis�ance to penicillin as a
result of serial passage through mice treated with

this drug.

This resistance in vivo was accompanied

by an increase in resistance in vitro, but did not

alter the respanse of these pneumococc1 to sulfonamides.
Powell and Jamieson(50) and McKee and Rake(49) also

found penicillin an effective chemotherapeutic agent
against sulfonamide-fast pneumococci in mouse infection
experiments.

McKee and Houch(47) (48) produced a 6000- .

fold increase in· the resistance to penicillin in a atrai�
or staphylococcus aureus after 56 to 60 subcultures.
A type III pneumococcus and a strain or streptococcus

pyogenes acquired a 30-fold increase, while one strain
each or type I and typeII pneumococc1 showed only a
6-fold in8rease.

In every case an increase in resistance
-1.I-

was associated with a proportional loss of virulence

tor mice which is just the opposite to the retention

or Tirulence by sulfonamide resistant culture. Serial
passage or one such strain through mLce tailed to

restore virulence.

Passage 1n vivo in the presence

or pen1c1111n tailed to increase specific resistance
or a strain of staphylococcus aureus.
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Action ot Penicillin
When Flem1ng(18) f1rst·noted that the staphylococcus
colonies nearest the mold were apparently undergoing
definite lyeis while the colonies more peripherally

showed a lesser degree of lysie and inhibition, it was

concluded that the substance had
effect.

a

definite antibacterial

To 4eterm1ne whether this substance was truly

bactericidal or merely bacter1oetat1c, the mold was
grown on solid medium and the felt mass of the mold
growth was picked off and extracted in normal salt
solution for 24 hours.

The extract was mixed with a

thick suspension of staphylo«occus cultures and incubated

for 2 hours at 45�e.

At the end

or this time it was

found that the opacity of the suspension had markedly
diminished and after 24 hours the previously opaque

suspension had almost become clear.

Thus it was

concluded that the extract of penioillium had definite
bacteriolyt1c properties (18).

Since some bactericidal agents are extremely rapid

in ehe1r actions while other are slow, the following

experiment was carried out to find into which category
penlc1il1n fell(l8}.
To lc.c. volumes of dilutions in broth of pen1c1111n
were added 10 c.mm. volumes of a l in 1000 dilution of
a staphylococcus broth culture.

The tubes were then

incubated at 37--e: and at intervals 10 c.mm. volumes

were removed and plated with the following result::
-13-

.
Number or colonies developing sojourn in•
penicillin 1n concentrations as under::

Control
Before •••••••• 27
After 2 hours. 116
"

'4½
8
12

"
"

oC
oC

1Lso
27

73
13

0

oC

0

1L40.
27

51

1

0

0

1L20
27
48

1L10
27

2

23

0

0

0

0

From the above results 1t appears that pen1e1111n belongs
to a group or slow acting antiseptics, and tha stapbylo

ooec1 are only completely killed after an interval or
over

4t hours even in a concentration 30 or 40 times

stronger than is necessary to inhibit competely the

culture in broth.

In the weaker concentrations it le

noted that at first there is growth or the stapbylococcl

orr·.
dilutions or

and only after some hours are the cocci killed

same thing was noted when a series of

The

penicillin in broth were heavily infected with �taphylo

cocci and incubated.

When the cultures were examined

after tour hours it was noted that growth had.taken

place apparently equally 1-n all the tubes but when ex
amined after being incubated over night, the tubes

containing pen1c1111n in concentrations greater than

1 1n 300 were perfectly clear while the control tube

showed a heavy growth.

Flem1ng(l8) considered th1s

work to be a clear 1llustrat1on

action ot penicillin.

or the bacier1olytic

To test this hypo�hesis, Re1d(60)

1ncrculated tubes ot nutrient broth and varying amounts
-14--

or filtrate with staphylococcus aureus.

Subcultures

were made from tubes showing no apparent growth at
the end or 24 hours.
subcultures.

Normal growth appeared in all

Re1d tfterefore,.concluded that the

organism� were merely 1nh1b1ted by penicillin, not destroyed.
Abraham et al(2) and Chain et al(7) earried out
various experiments on the inhibiting effect of various

dilutions

or penicillin on

various organisms and from

these concluded that the b&cter1ostat1c power of penicillin
against streptococci and staphylococci was as great,
or greater than, that of the most powerful antiseptics
known, such as the heavy metals, the acridine derivatives
and etc.

But that penicillin is no antiseptic and· it

exerta no direct immediate bactericidal action.

was borne out by two observations.

uptake

This

First, the oxygen

or the staphylococcal suspensions was not in

hibited to any measurable degree by the addition of

penicillin to a final concentration of 1/1000, over a
period of 3 hours.

Secondly, after incubation at 37q C.

for 24 hours a staphylococcal suspension in broth
containing 1/1000 penicillin grew large numbers
colonies on subcultures.

or

The only trace of lethal-

effect that the7 observed was an acceleration of the
death-rate or small numbers of streptococci•bl·R1ngers
M.uid containing

1/50,000

penic1l;L1n, compared with

the rate in pure Ringers fluid.
"-15-

Heilman and Herrell(27) carried out the following
experiment demonstrating the antibacterial activity of
penicillin in tissue cultures.
Each culture consisted

or a drop of hepar1n1zed

rabbits plasma and three drops or an extract of chick

embryos in rabbits serum.

A suitable dilution of broth

culture or the bacteria to be tested was added to the
tissue extract to allow the·growth of twenty or more

colonies 1n each tissue culture preparation.

The

bactericidal substance to be tested was added to both
the plasma and tissue extract at the time the culture
was made.

In order to determine what influence growing

ti�sue might haTe on the activity of penicillin,

duplicate cultures were aade containing an expl&nt of
tissue from the mesenteric lymph node

or the rabbit.

Four cultures were prepared for each experimental condition.
The least a . 11ount of penicillin which would prevent
completely the appearance or bacterial colonies in all

"'

four cultures after incubation at 37 C. tor 48 hours was
determined tor each bacterial strain tested.

The results of thia experiment shown in table I
indicates that penicillin in very small amounts inhibited
the growth of d1plococcus pneumon1ae and strep. pyogenes.
All the strains of these twp species which were tested
were inhibited by 5 micrograms per c.c. or 1 to 200,000.
-16-

.

Staphylococcus aureus proved to be as sensitive as �

diplococcus pneumoniae or st�ep. pyogenes to the action

of pen1c1111n.

Growth of strep. fecal1s was not

arrected by penicillin.

Table I.

.•
..

I

I•

..
.•
•

•

Or5!n1••
Pneumoeoccus •

.

•
:
•

.

Type I
Type II
Type III

..•.
•
..
.
.
.
.
.

Pen1c1111n
ncrograms per
o.o.
Strain : Tiesue • Bo tissue
nuaber •• �reeent •• ,2reeent
1

1

1

••
••
••
•

..
..
.

�

5
5

.
.
•.
.
.
.
.
•.
:
.
.
•

2.5, 5
5·

:Strep.
2.5
: pyogenes
1
:Strep.
•
•• saliva1us·
•• 40
1.
:Strep.
:
•
1
:raecalis
:Sta h.Aureus:
1
111crogr
No 1nh1b1te by
Penicillin used had a potency of 42

.

*

.

.

5
2.5

40

*

2.5

•
••
•
•
•

..
•.
.•.
.
.
...
..
.••

per e.c. pf Penicillin.
Oxford units per mgm.

To determine whether or not the tissue cultures

containing various amounts or p�nicillin and not

showing any bacterial colonies after 48 hours or in

The preparations

cubation still contain Viable bacteria.

were put in a tube of dextrose brain broth and 1 c.c.
or horse serum was added to tubes receiving tissue

cultures which bad been inoculated with diplococcua

pneumoniae and streptococcus pyogenes.

or

The subcultures

dextrose brain broth were incubated at 37

daya.

The results are shown in table !I.
-17-

• c. tor ten·

Table

.

II.

!No. t1eeue'!Poe1t1ve sci- bculturee !
; ! cultures ·-! Number :Per cent
studied

I

. D.

'
..
.
.

crsanlsm
pneuinon1ae
•
• Strep. p:,ogenes
Strep •. salivarius:
Strep. taee&lis
Sta
aureua
••
•
Tota
•

..
..

44
39

38

..
..
•
•.
•
••

•

0

1

5

0

.
...
...
.•
.•

0

2.6
13.2

----•

0

..
.
•
•

Vost ot the· tissue culture preparations wh1ch proved to

be positive on subculture had received relatively small

amounts or penicillin.

Penicillin apparently killtd the

bacteria in a great majority or cultures containing

pneumococci, strep. pyogenes, or staph. 'aureus.
Experiments carried out to determine the time necasaary
tor penieillin to act on the bacteria in the tissue

culture preparation confirmed Fleming's work.
Hobby et &1(38) 1n studying the mode

or action ot

penicillin, tested pneumocoec1, hemolytic streptococci
and staphylococci under various conditions, the number

or surviving organisms per c.c. being determined at

intervals.

It was found that the_ number of survivors

decreased by geometric units as time increased by
arithmetic units.

The log of the number of survivors

plotted against time followed a straight line until at
least 99% of the organisms were killed.

Under the

experimental conditions, pneumococci were destroyed at.
�a more rapid rate than hemolytic streptoeocct, and
-18-

hemolytic streptococci more rapidly than staphylococc1, as
(

shown in:..,Graph I.

l'urthermore, w1 th a given con

centration of penicillin the rate of killing of a given
strain of the hemolytic streptocoec1 decreased as the

number or organisms present at O hours increased.

or

Likewise, with a given number

hemolytic atreptoeocc1

the rate of killing increased within limits as the

concentration of penicillin was increased.

There was

a point, howeYer, beyond which, with a constant

number or hemolytic streptococci per c.c., increases in
the concentration of penicillin no longer increased the

rate of k1111ng.(Graph II)
/tJ

•

.,
f

Pe.vi ic ii/,,.,

�o

of
.50jo�mo / c. c.

Br,c.+e.r,osfe,f,'c.

£.ffecf

-;:-

i.u

-..

Hnno. Sf..,.pf,,r.,oc.t.._us ( C'i:o3 Mr)

-<::

E

P'II«"'-"""" COl!C l(.S '0/39)

�lo'llty/or. occ1H A/b,u (Ho)

£tfe.cf of J,,.,ev-eo.s:.1M!J A-mow..Y1.f.& of

PeY1ici//iri on Rofe of llc:fion
{ Slt1�hylot t>ctus Au-,eu�)

�
,:

0

Qi
<i

�

"'
"'

�,,_
..
:,�
•
.....

0

.,

�
J

�
,o

'I
•o

0.03 r per c.c. is equ1Talent to 240-250 Oxford unit/mg.
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The killing or hemolytic streptococci at a
constant rate •�plied only to the destruction or

approximately 99.% of the organisms originally present.
With the last 1% or the organisms, the reaction followed
one or 3 courses: (1) The number or organisms continued

to decrease at the same rate un�11 complete sterilization
had been effected; (2) the number decreased at a some
what slower rate, or, (3) the number increased.

It is

therefore apparent that pen1e1111n may act as a b�cterto

static agent or it may induce a true bactericidal effect.
The a�tion of penicillin was shown to be in sharp

contrast to that of sulfonamides.

Whereas penicillin

produces an actual killing effect, the sulfonamides

cause only a slowing up ot,the rate of growth. (Graph III)
II

:1 n

and

Y1/ro

s...

Co'Mp ar,.to'I'\

,�l/,,oJole

o

Jo

of

,,., Jlemo.

'fO

H oftLv-.1

ro
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Pe,,ic.i//;.,,

'::,l.,,riouc:11.�

bo

hemolytic streptococc1 more rapidly than staphylocecc1,
as
I
shown 1n'...:Graph I.

Furthermore, with a given con

centration of penicillin the rate

or killing of a given

strain ot the hemolytic streptococci decreased as the

number of organisms present at O hours increased.

Likewise, with a given number or hemolytic streptococci

the rate ot killing increased within limits as the

concentration of penicillin was increased.

There was

a point, boweYer, beyond which, with a constant

number or hemolytic streptococci per c.c., increases in
the concentration ot penicillin no longer increased the

rate of �1111ng.(Graph II)
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The killing or hemolytic streptococci at a
constant rate applied only to the destruction or

approximately 99% or the organisms originally present.

With the last 1% or the organisms, the reaction followed
one or 3 courses: (1) The number of organisms continued

to decrease at the same rate until complete sterilization
had been·erteeted; (2) the number decreased at a some

what slower rate, or, (3) the number 1ncreaaed.

It is

therefore apparent that penicillin may act as a b�cterto

static agent or it may induce a true bactericidal etteet.
The action of penicillin was shown to be in sharp

contrast to that or sulfonamides.

Whereas penicillin

produces an actual killing etteet, the sulfonamides

cause only a slowing up ot,the rate ot growth •. (Graph III)
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The action or penicillin on hemolytic streptococci

was not accompanied by lys1s or the organisms. No
detectable amo�nt of penicillin was destroyed or
absorbed rrom so,lution by the organisms.

Also un

like the sulfonamides,, the number or bacteria present

have 11ttle in:f"lue_nce on the action or penicillin.
Penicillin appeared to be effective against·organisms

only when active multiplication was taking place(38).
...
.
Gardner (24} examined a number of bacteria

grown in broth or serum broth with pen1c1111n and miero
soopie changes were found in all rod-shaped organisms
that showed any inhibition by penicillin.

These

changes consisted in a distinct average lengthening ot
the cells and were traced in dilutions eight or ten

and sometimes thirty times higher than the dil9tions

completely inhibiting growth.

The changes are mainlJ

due to failure or fission; growth proceeds but division
and separation of the cells do not follow in due
course and many of the cells fall victim to autolys1s.
Observations of the characteristic changes were made

, on the following organisms:

Salmonella typh1, Vibrio

eholerae, Bacterium coli, Bruai.la melitens1s and abortus,

Clostridium welch11, Bacillus anthracis, Staphyloeoceue,

Streptococcus pyogenes and streptococcus viridans.{2)(24)

Smith and Hay (67) produced a phenomenom or swell�ng
-21-

and lysi's during the period or active growth of
staphylococcus aureus in penicillin.

However, tully

grown suspensions or this organism showed neither of

these ettecta when added to concentrations or penicillin
many ti�es higher than those used 1n the above experi

ments.

It thought that pen1c1111n bas some efteet on'

the cellular wall or interferes with the assimilation

or one or more growth ractors necessary tor the actual
tlssion or the growing bacterial cell.

For this reason

penicillin has been called an "ant1b1ot1e agent" (67).
A report by Weiss (74) on the study of mechanism

or action and visible effects on vulnerable bacteria

concerns the appearance of the bacteria, as revealed
by micrograph& taken wit., the electron m1cros?ope;
with and with out medication with penicillin.

All tests

of action of penicillin were of the -usual bacteriostatic

type, incl�ding inoculation or one standard loop of
live culture into culture media containing varying

• c.

dilutions or penicillin and incubated at 37
8 to 48 hours.

tor

All cultures were grown in appropriate

broth media, centrifuged, ahe supernatant fluid removed,
and the �acteria resuspended in aaline solution.

A

drop of this suspension was then placed on the small
screen disc holding the usual collod1on r11m.

On

drying, the disc was placed in the specimen holder
-22-

and introduced into the evacuated chamb,�r of the
electron microscope.
The micrographs in all instances show normal and
medicated bacteria subjected to electron microscope

magn1f1cat1on of 6,000 times and then photographically
enlarged to 21,000 times.

In most cases, the best

micrographs of medi-cated bacteria. were made from the
strongest dilution of penicillin plus culture in

which there was some visible bacterial growth present.

Many observations showed the penicill1n-med1cated as
greatly enlarged, and in many cases fission was in
complete and long chains

or organisms were observed.

Flgurer,l shows staphylococcus a.ureus No. 209
growth in br�oth and subsequently washed to remove

extraneus material clinging to the cells.

-23-

Figure 2

shows the same strain or staphylococcus following

medication with penicillin.

!n Fig. 2 the call in

the upper left hand corner appears to be extruding
cellular substance.

Figure 3 aho�s untreated strepto-

coccus hemolyticus C-203 as grown 1n broth and prepared as descrebed abaTe.

Figure 4 shows the same

s�ra1n or streptococcus medicated with penicillin.
The greatly increased size

or the cells may be noted,

and also the cell walls ot many organisms appear

irregular

nd ragged.

fig-11Figures 5 and 6- show 48 hour cultures of Cloatridium
welchii umnedicated and medicated, respectively, with

penicillin.

The medicated organisms appear at this

time quite regularly tn filaments and chains, and in

nearly all instances the separate cells in the chains
-24--

are scarcely distinguisable.

From the above electron m1crographa 1t appears
that penicillin does not cause lysie or the medicated
bacteria (as does the bacteriophage) but on the other

hand inhibits or kills vulnerable bacteria, following
which minor eellular changes, including eil argement
(hypertrophy?) as indicated above, may foll�• (74).

In studying the antibacterial effect ot penicillin

in whole blood and serum for the hemolytic streptococcus
and staphylococcus aureue Rammelk&mp and Keefer (56)

added known amounts or penicillin in vitro to samples
of defibrinated whole blood, obtained from normal
subjects.

The various concentrations required were

made by dilution with a homologous sample of blood.
From each dilution, an0al1quot was remove and the
serum separated by centr1fugal1zat1on.

The various

dilutions of blood anj serum were·then used as media
in the bacterc1dal tests.
?twas observed that whole
blood, containing no
<
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penicillin. was able to kill 17 hemolytic streptococci
per c.c., whereas a similar inooulum in the sample of
serum was not killed.

This demonstrated the etfeot ot

the phagocytic eells in the normal mechanism ot bacter
icidal action.

The whole blood containing 0.3 Florey

or penicillin per c.c., and also the serum separated

unit

from it, exhibited an amazing antistreptococcal effect.

Both the whole blood and the serum killed 17,000,000
organisms per c.o.

When the concentration was decreased

to 0.03 Florey units per c.c., the killing effect of
the whole blood was not so great, however, 170,000

organism• were killed.

The antibacterial action of the

serum appeared to be even gr?ater than that of the
whole blood, indicating that the cellular component
1s not a necessary part

or

the killing effect of penicillin

1n whole blood. A concentration of 0.015 Florey unit or

penicillin per c.o of whole blood did not exhibit an

increased bactericidal effect, but the serum separated
from thie sample did show a definite increase in anti

bacterial action.

This stu�y, then, demonstrated that the addition
of penicillin, even 1n small amounts to whole blood in

vitro, resulted in a marked increase in the bacter1et4al
power

or both the whole blood and the separated serum.

�hat this action was nor dependent on phagocytos1s was
-26-

indicated by the fact that the serum displayed as a

great or even greater antibacterial action than did the
whole blood.

In general, a concentration of between

0.03 and 0.3 Florey unit per c.c or whole blood was

neeessa�y to cause maximal killing of the hemolytic
streptococcus.(56)

Having demonstrated that penicillin increased the
bactericidal power of whole blood and serum when added

in vitro, it was thought necessary to deter,n1ne whether
similar results could be obtained 1n man.· In numerous
experiments following the administration of penicillin

by all routes, an increased bactericidal power or the
blood was noted.

Ten minutes after the intraauscular injection ot

20,000 Florey units, the blood serum was tound to contain
0 .156 Florey unit per c. c. , and a one c.c • sample of ·

whole blood killed 200,000 hemolytic st�eptococci.

When 2,000,000 organisms •�re added to l c.e. or blood
there was a marked inh1vition or growth; the actual
number or streptococci present arter 24 hr's 1neubat1on
was

40. For a period of 4 hr's after the injection,

the whole blood exhibited a marked antistreptococcal

effect, and this effect persisted for at least 25
minutes after penicillin had disappeared from the
blood serum.

In general, baeter1ostasis was of the

same order as the bactericidal effedt of the whole
-27-

blood against hemolytic streptoeoccus.

In this study,

as welleas the in vitro experiments, the serum exhibited

as grea_t or gre ater bactericidal power than the whole

blood.

Similar results were .abtained when the

Staphylococcus aureua organism was used in that the

number of organisms were markedly decreased but the
blood containing a large 1noeulU11 or staph. aureus was

not completely sterilized after 48 hr' s incubation-. Thus
indicating some resistance to penicillin.

To determine the concentration of penicillin in
·in the serum necessary to maintain maximal bacter1c1cal
action against bb.ese organisms, s�udies were made on

seven different subjects.

The biood obtained before

the penicillin was administered killed less than 10
hemolytic

streptococci, and as soon as a trace of

penicillin was detected, 1 c.c. of blood was able to

k1 1 l from 2 to 20,000 organisms.

As the concentration

increased, there was a rapid rtse in the bactericidal
power�or the blood, so that the maximal action was

obtained with concentrations between 0.019 and 0.159

Florey units per c.c. of serum.
A comparative study of sulf&d1az1ne and pen1c1111n
on streptococci showed that a trace of penicillin in the
,f

serum was sufficient to cause a bactericidal ertect as

-great as th.at produced by 5.1 mgm of sulfadiazine per
-28-

100 c.c. ot blood.

When the concentration of penicillin

was greater than 0.007 Florey unit per c.c. of serum,

killing was observed in all tubes, and complete

sterilization occurred•with a aoncent-ration of 0.156
Florey uriit.

These findings clearly demonstrate that

pen1e1111n 1s bactericidal and that it 1s necessary
to maintain a serum level of near 0.156 Florey unit per
c.c. tor maxiUDl effect.

In view of the inhibitory effect lmwwn to be

exerted by products of tissue autolyeis on the action of
the sulfonamides, Abraham et al (2) carried on the
fol:owing experiments to determine the effects on penicillin.

Serum:

To exclude any such action on the pa.rt or

blood-serum, penicillin was diluted with human serum
and tested on the staphylococcus.

When penicillin

diluted 1/10,000 with serum was thus tested in Cfltlparison

with the same dilution in distilled water, both in

duplicate, the depth

1n millimeters:

or the zone ot inhibition measured

In serum • • • • • • • • • • • (1) 23-24
In water • • . • • • • • • • • • (1 ) 22

(2) 22
(2) 23-24

Serum, therefore, in no way interferes with the action
and diffus1b111ty
Pus:

or the active substance.

The following experiment tailed to show any

antagonistic action.

Some very thick pus from a staph. aureus abscess
-29-

.was incubated tor 3 days at 3-fc. to thin it; atter
I

eentritugalization the supernatant tluid was diluted
1 in 2 wtth nutrient broth and filtered through a

'

seitz filter.

To 2.25 em of this

50%

rue-broth

.25 cem of a sotution of .2 mgm of penicillin per ccm
was added, making a penicillin dilution of 1/50,000.
As a control 2.5 com
was taken.

or the pus-broth without penicillin

Both these were inoculated with one standard

drop(O.Olf.ecm) of a 1/1000 dilution
culture of staph. aureus.

or a 24 hr. broth

The aumber or cocci in the

1noculum was probably of the order of 40,000. Atter-

24 hours of incubation at 37 C. the control tube Bhowed

a rich growth of staphylococcus and the penicillin tube

showed none.

Plating rroT. this tube and cultivation of

20, 5 and 1 drops in 5 ccm broth tubes showed no growth,
indicating that at least most of the cocci had been

killed, since the amount �t penicillin c&rri•d.overwith

1 drop(1;1n over 6,000,000) was sufficient to inhibit

growth.

Thus it 1s evident that pus has no antagonistic

action.

Also this •xperiment shows that penicillin may

have an actual killing effect on the organism.
Tissue autolysates:

The possible antagonistic effect

ot tissue autolysated were tested as follows:
A liver taken aseptically from a rat was minced in
a Aomogenizer and allowed to autolyse in the homogeniser
tube for 4 wks at 37 C. There was no gas evolution
-30-

during the incubation and no putrifactive smell at the
end of the experiment.

The liver suspension h ad partly

liquified and when it was centrifuged about 2 .ccm. of a

clear, dark yellow solution was obtained.
(0.9 ocm) was incubated at 37

c.

This fluid

for 16 hrs. with pen

icillin solution in water (0.1 ccm) containing 1 mgm of
the crude material. A control solution of 1 mgm of
penicillin in 1 com. of water was incubated for the same
period.

When after incubation, the solutions were as

sayed, it was found that the liver autolysate had not
destroyed the bacteriostatic power of the penicillin.
Peptones:

peptones were found equally devoid of

antagonistic action; in fact in the usual assay method
agar containing peptone is used as the culture medium

for the staphylococcus.

Para amino benzoic acid-- was also found to have
no effect on the antibacterial power of ,penicillin.

Fleming (21) and Hobby et al (37) confirmed these find
ings.

Heilman and Herrell (27) found that the presence
of growing and·neorotizing tissue in tissue cultures
did not effect the activity of penicillin •
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::Pharmacology
The f1r•t studies on the absorption and excretion

of penicillin were done by Chain et al in 1940 (7).

Through their investigations it was round that solutions

of penicillin were absorbed from the intestines ot the

rat without producing mucosal damage.

Penicillin was

readily absorbed after subcutaneous injection and de
tected in the blood.

It was en-eted inthe urine, about

4o to 50 per cent appearing 1-n still active form.

With further investigation with ra�bits, cats, and

man, Florey et al. (2) found that arter duodenal
ad.ministration

or 400 units in the rabbit no detectable

activity 1n the blOod was observed after 1 hr.;

the active substance was excretad 1n the urine.

14% of

Similarl7,

after intravenous injection there was no activity in the
blood at ½ hr., 1 hr. and l½ hrs.; the yield in the urine

was greater, however, being 44%.

Subcutaneous injection

produced a trace of activity in the blood at
case and 1 hr. 1n the other;

40%

i

hr. in o�e

was recovered from the

urine. Bile from a cannula in the common-duct cons1atentl.y
showed a trace of activity up to 2½ hr., the end of ex
periment.

The rabbit, therefore, gives a·good return in

the urine after intravenous injection (20-50

%)

but a

return or less than 20% atter administration into the

intestine.

Penicillin could never be detected in the

bleod at½ hr. by what ever rbute given.
-32-

There was some

excretion in the bile.

Since act1Tity could not be

shown in the blood these experiments gave no information
to decide whether the graater "loss" which appears to be
associated with intestinal administration occurs before,
during or after absorption.

Arter the intestinal injection

or 400 units of

penicillin in cats a trace appeared in the blood at½

and 1 hr. and the urine contained 60% or the active sub-

stance.

Similarly after intravenous and subcutaneous

injection, actiTity was observed in the blood at¼ and

li hr. and the urine showed 33-52% of the act1Tity.

Another experlaent, with pen1c1111n being injected into
the duodenum, showed activity 1n the systemic blood for

'3½ hr., with a trace until ¼
4
hr., and in the bile and
urine throughout the 6 hrs or the experiment.

in the bile reached its peak at

Excretion

3½ hr. and then f'ell

away; in the urine it showed a small decline arter the
4th hr.

Penicillin given intravenously was excreted in

high concentrations in the bile for the first three hours,
slightly in the fourth hour and not at all in the fifth.

It was secreted also in the saliTa, but here the concent-

ration was lower than in the blood collected at the same

time.

Tears and pancreatic juice showed no activity.

Cerebrospinal fluid also proTed to be inactive at theeend

or the experiment.
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In man, subcutaneous injection was not used.
However blood levels and urinary excretion,s were observated and atudied after both intravenous and intestinal

administration in five clinical eases by Abraham et a1(2).
It was :round that no deleterious effects occurred after
the intravenous injection of 200 mgm(avout 8,000 Florey

units) or penicillin.

The inhibitory power or the blodd

was followed in one patient at frequent intervals from
5 min. until 2 hr. and 5 mJn. after the injection.

The

high initial val�e gradually fell to just-a discernable
trace in the last sample.

Urinary excretion was still

occurring at 6 hrs. 15 minl and there was a trace or in
hibition in a sample or urine collected from the 6th to
the' 14th hr.

Fifty to sixty per cent of the penicillin

was recovered from the urine and used over again.

After the injection of 890 mgm into the �uodenum

the blood inhibited bacterial growth for 3 hrs. and
urinary excretion continued for 6 hrs.

The inhibitory

level 1n the blood was steadier and persisted for &·longer
time than after intravenous injection.

Howe�er, this

does not mean that duodenal administration is more
efficient than intravenous since the dosage was twice

that given intravenously, but it does show that penicillin

can be given effectively by intestinal route.

Administra

tion by mouth is ineffective since penicillin is destroyed

by acid, but in one patient a strongly antibacterial.
concentration of the drug was maintained in the urine

for 7 days by giving it by mouth together with sodium
bicarbonate (2).

Rectal administration was tried in

one patient, but Yery little active substance was re

covered in the urine, this being due to the inhibiting
effect or the E. coli organism. (1)

For further investigation in man as to the absorp

tion, excretion, and distribution of penicillin, Ra.mmel
kamp and Keefer (58) administered varying a�ounts of

penicillin dissolved in distilled water or .85 per cent

sodium chloride solution to normal subjects and patients

with various conditions by the following routes:

Oral,

intraduodenal, rectal, intravenous, subcutaneous, intra

muscular, intrapleural, intra-articular, ad intrabursal.
Following the intravenous injection of 10,000
Florey units the level in the serum rose rapidly, fol
lowed by an abrupt fall, with only traces of penicillin
being found after 210 min.

The sh arp tall was associated

with increased urinary excre�ion.

The average excretion

after intravenous inj�ction was 58% of the injected dose.
In sharp contrast to immediate rise and abrupt fall in

level of penicillin in the serum following an intravenous
injection, were the concentration obtained after intra

muscular and subcutaneous injections as shown in

-35-

graph IV.
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Penicillin was rapidly absorbed after intramuscular injection and remained at its peak height for 30-45 min.

then gradually decreased.

Subcutaneous injection was

slowly absorbed but remained at its peak for a greater

length of time although i� never reached the serum level
or the intravenous and intramuscular injections.

Sx

cretion in the urine was correspondingly rapid or slow.
Absorption from body cavities w3,s delayed and this was
reflected in slow urinary excretion.

Fluid from Joint

and pleural cavities aspirated thirteen and twenty-two

hours arter local administration contained appreciable

amounts of ·penicillin.

The total amount recovered from

the urine was somewhat lower than that obtained following

intravenous injection.

Administration by enteral route

showed that absorption was rapid from the dµodenum,
whereas oral and rectal doses were poorly absorbed as
-36-

shown in graph V.
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oral and rectal doses was low, averaging 8.6 and 11% of
injected dose respectively.

This decreased excretion

may be due entirely to poor absorption; however, Chain
et al (7) observed that gastric_juice(ac1d) and feces
inactivated penicillin, and �ore recently it has been

dei,onstrated that extracts
action of pen1cillin(l).

or E. coli will inhibit the

In the presence or renal failure, penioill1n was

slowly excreted and high blood concentrations were
maintained. (58)

It has been shown that 58% of the peniolllin ad

ministered by the intravenous route is excreted by the
kidneys largely during the first hour arter the in
jection.(58)

This rapid loss of pen1e1111n in the urine

is u�des1rable since frequent in�ections are required
to maintain adequate concentrations in-the blood during

the treatment of an infection.

The fact that substances,

such as diodrast, which are excreted by the renal tubules
-31-

exhibit a similar rapidity or e�imination suggested to

R&mmelkamp and Bradely (53) the possibility that pen

icillin is· also excreted by the tubules in addition to
being filtered through the glomerul1, and further that

this portal or exit could be blocked and the elimination
of penicillin decreased.
To comtirm _this hypothesis, penici. llin was ad.min

istered to a normal subject by�a constant intravenous

drip delivering 9,600 Florey units per hour, the excretion
or the material by the kidneys was depressed by the
addition or diodrast to the infusion.

In this subject,

control periods or one hour both �erore and after the
simultaneous injection or penicillin and diodrast showed
'3xoretion of 4530 and :5931 Florey units, respectively,

whereas during the two hour period of penlcillin-diodrast
ad.ministration only 1,087 Florey units were excreted

each hour.

Five additional subjects w9re studied after
single injections of penicillin and penic1111n-diodrast.
Each received and 1n,ection ot 5,000 units and twenty

four hours later, a second injection or 5,000 units and

30 to 40 c.c. of diodrast, the serum concentration showed

that the level of penicillin remained elevated to a
greater height and for a longer period of time •hen

diodrast was injected simultaneousl7.

Sixty six per

oent of the ad.ministered dose or pen1c1ll!n was exc�e·ed

-38-

in the urine within 4 hours while the total excretion
or penicillin when d�odr&st·was given simultaneously
amounted only to

36%.

Most of the penicillin was

excreted within the first hour after its injection on
every occasion, and this was true both with and without
the addition of diodrast.

The average excretion of

penicillin during the firs� hour in all subjects when

d1odrast was not given was 51.8% and after 4 hours was

57.2% In contrast, when d1odrast was given simultaneously

the. average excretion during the first hour fell to 22.2%
and during the four hour period to 32%.

Since pen1c1111n elimination 1s decreased in the

presence

or diodrast, it is probable that it is excreted

by the tubules, perhaps largely by the same mechanism

responsible for the tubular excretion of diodrast.

may
imply the presence of common
chemical groups or
.
.

ihis

common phyaico-chem1cal properties in .penicillin and
. in diodrast and other substances, like phenol red and
h1ppuran, the excretion of which is depr�saed in the

presence of each other.

It is possible that the elimination

or penicillin during clinical use may be decreased, thus
ma1nta1n1ng adequate blood levels, by the simultaneous
administration of substances which block its excretion,
or that the structure of penicillin may be altered 1n

such a way as to produce this effect.
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In v1_-.w of the fa.ct t.hat certain types of'

meningitis f'ail to respond sa.tisractorlly to therapy

•1th the sulfa drugs, a study was undertaken by Rammel
kamp and Keefer (54) to determine the ef'f'eetiveness of'

penicillin 'treatment in staphylococcal and pneu.mococca.l
meningitis. As part or this investigation the absorption,

excretion and toxicity of penicillin following tntrathecal
injection were studied.

One patient with 1d1opath1o ep1lepsy(no meningeal

irritation) was given 10,000 units of penioillin 1ntra

thecally.

A sample or blood ta.ken after 70 minutes con

tained an appreciable amount of penicillin; all other

samples contained less than a trace.

Six hours after

injection, the spinal fluid contained 25 Florey units per

c.c., the level then tell rather rapidly so that at 31.5

hours there was only 0.078 Florey unit per c.c. and at
72 hours no trace of penicillin remained.

The total

amount of' penicillin excreted in the urine in 37 hours

was 997 units, which is about 10% or the injected amount.

At 6 hours the leukocytes in the spinal fluid numbered
570 and at 18 hours reached a peak or 4,170 cells per

.

.

cm; at 96 hours only 250 leukocytes remained.

cells were highly motile.

These

The maximal number of blood

leukocytes was 18,600 at 29 hours.

Within 45 minutes

after injection the patient complained of a severe

-40-

headache, which •ss followed by vomiting after four
hours.

The spinal fluid pressure was found to be in

crea ed to 210 mm from the normal 130 .mm of water.
24 hours the headache and vomiting subsided.

or the neck or fever was present.

After

No rigidity

Another patient(normal meninges) received only

5,000 units of penicillin intrathecally, followed by

only a mild headache which persisted for 30 minutes, no
pen1c1111n was demonstrated in the blood serum.

At 8

houra the spinal fluid contained 31�2 units of penicillin,
the peak; the drug disappeared at 44 hours.

The maxium

leukocyte responae of the spinal fliud occurred at 26

hours when the cells numbered 740 per cmm.; the count
was 50 at 98 hours.

The s�inal fluid pressure was not

A total of 1,121 units of penicillin was

elevated.

excreted �ur1ng the first 24 hours; this was 22% of the
injected amount.
Two subjects with men1ngttis, one with brain
abscess, and one with brain abscess and ■eningitis were
given 1ntrathecal injections of penicillin, 3,000 to
10,000 units; one pa•ient was also given intravenous

injections and another patient had several intratheoal
injections.

The spinal fluid and blood concentrations

and urinary output of penicillin are noted in graph VI
tor a patient who developed a brain abscess and meningitis
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secondary to chronic empyema.

Following the intr

thecal injection, penicillin was absorbed so that the
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samples or blood taken 1, 2, and 3'hours later contained
0.039 Florey units per c.c. of serum.

The leukomyte

count prior to _penicillin administration was 15,624 and
12 hours after it was 51,000 per cmm of spinal fluid.
The count then fell rapidly, so that at 21 hours the

'fluid: contained 11,980 cells per emm.
excreted penicillin over a period

The patient

or 28 hours, the

largest amount being excreted in the 6 hours.

The sample

o�tained 6 hours after the injection contained 2310
units,wh1eh was 23% or the administered dose.

In all,

only 2727 units were excreted in the urine.

In general, penicillin was present in higher

concentrations in the blood of patients with meningitis

than in normal subjects, suggesting that inflammation

of the meninges leads to more rapid absorption. Although
the injection or 10,000 units or penicillin in a normal

patient caused headache, nausea and vomiting, these did

not occur in the se_cond normal patient given 5,000
units.

In the presence of brain abscess or meningitis,

injection or from 3,000 to 10,000 units was not
attended by any toxic reaction; one patient showed a

slight•increase in spinal fluid pressure and all sub
jects had a alight, but definite increase in the mumber
of cells in the fluid.

This response is similar to

that noted after spinal anesthesia and lipiodol, serum

or air injections.

Observations in two patients

indicat�d that penicillin was present in significant
concentrations in the ciaterna magna and the third
ventricle at the same time of the autopsy.

This indcates

that lumbar injections will cause a diffusion of the
antibiotic substance throughout the ventricular-sub
arachno1d space�54).

Von Sallmann (71�(72) has shown that penicillin
enters the aqueous humor of the nor�al eye in small

concentrations within thirty-minutes after intra-muscular
injection.

Moderate concentrations were obtained after

appl1cati<m of a cup bath to the eye for a period of

five minutes, and relatively high concentrations are ob

tained by iontophoresis.

Studies (54) on the distribution of penicillin

showed that 1t failed to penetrate the red cells in

significant amounts; 1n general, the concentration in

erythrocytes was about 10% of that found in plasma.
No penicillin was detected in the spinal fluid, saliva
or tears in the subjects receiving the drug intra

venously.

It has also been shvwn that human saliva, bile and

succus enter1cue do·not 1nact1vata pen1c1llln but gastric
juice destroys it at body temperature.

The destruction

appeared to be due to hydrochloric acid and not pepsin.
In two patients with pernicious anemia and achylia

gas trica. the absorption of penicillin, when administered
by mouth was greater than that or normal aubjects:(54)
Aside from the excretion c5f, p�nicillin in urine,

there is good evidence that it is excreted by the liver,

since it was found in the bile in higher concentration

than in the blood stream, none has been demonstrated in

the gastric Juice, saliva or tears�(55)
The observations �ade by Florey et al (1)(7) and
confirmed by Rammelkamp (58), that the excretion

o�

penicillin in the urine was always less than the amount
administered suggests that it is destroyed on inactivated

in the body.

In general, after intravenous injection,

excretion in the urine accounted for about 60% of the
administered dose.

Vlhen penicillin was administered by

routes that result in slow absorption, the percentage

recovered in the urine was even lower and, further, in

those patients with renal failure, the total excretion

was extremely low.

These latter two observations support

the view that penicillin 1s inactivated in the body.(58)
The cause or this apparent loss is not explained.

Ra.mmelkamp (54) showed that red cells and plasma did not

inhibit its action.

Further, its incubation with slices

or liver, kidney, spleen, brain, muscle, lymph gland,
intestine, lung and bile caused no destruction ot the

penicillin activity, it is unlikely that body temperature

would cause a significant loss of penicillin during the
short period it remains in the body.
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Toxicity
The question of the toxicity of penicillin wa s

early investigated.

dilution,

or

Fleming (18) round that a l to 600

penicillin 1n vitro did not interfere with

the motility of leukocytes to a greater extent than

did ordinary broth.

Florey et al (2)(7)(23) using

"therapeutic"pentcillin demonstrated that leukocytes

ret.ained�their motility in vitro in a l to 500 dilution

though a dilution of 1 to 100 killed the white cells
immediately; at a l to 250 dilution more than

50%

lived

for four hours, the longest time for which they were
watched, but the surTivors were sluggish toward the end.

However, with a more purified penicillin {23) leukocytes

retained their motility for one hour in a one per cent
solution(240 units per mgm) and for about 3 hours in a
1 to 1600 solution.

Medaware (2) working with tissue cultures found

that a penicillin concentration of 1 to 6,000 was Just
sufficient to suppress all out growth of fibroblasts
. from rragm_ents or the ventricle of a 10 day old chick
embryo when incubated for 24 hour at 37

c.

Epithelial

t1ssuesoof 10 day chick embryo intestine, lung and late

rat-embryo kidney, proliferated treely for 48 hours on·
surfac·e of coagula containing 1 to 2000 penicillin.
Degenerate growth with maceration of epithelial sheets
w as obtained 1n a concentration of 1 to 1000.
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Pen1c1111n

Penicillin was found to have no power of dit!erent1al
1nhi�ition,for fibroblasts and epithelia; from a
specified source, fibroblasts and epithelia either grew

together under the influence of the drug or neither grew.
It was also round that penicillin exerted no secondary

action, such as reaction with serum, high osmotic pressure,
or surface activity, which might have obscured an estimate
of the specific toxicity or penicillin.

Herrell and Heilman {33) report the toxicity of

penicillin to be low for cells migrating from explants of
mesenteric lymph node of a rabbit.

No change was observed

in the erythrocytes.

In his original work, Fleming (18) studied the

toxicity of penicillin in vivo and found it to be non
toxic to rabbits by intravenous routes and to mice
injected intraperitoneally.

It was non-toxic to man

when wounds were constantly irrigated with a solution

of penicillin, and also irrigation of the human con

junctiva every hour for one day had no irritant effect.

Likewise Chain et al (7) found that upon subcutaneous

injection, no sloughing of the skin or suggestion of

serious damage was encountered even with strong solutions
and after repeated injections of penicillin.

Some edema

developed at the site or injection with strong solutions
(10 mgm in !3c.c.), but this may well have been due to
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the hypert�nic1ty of the solution.

Subcutaneous in

jection ot 10 mgm into two rats at three-hour intervals
tor 56 hours caused no obvious· behavior changes.

The

total leukocyte count in the blood fell after twenty
tour hours but was normal after forty-eight hours.

A

relative decrease in the number or polymorphs occurred,
but the count returned to normal within twenty-four hours

or the withdrawal of the drug.

One rat �as killed and

some evid�nce of damage of the tubule cells of the kidney

was observed; the other rat remained perfectly well and
showed weight gain.

Intravenous injection of penicillin in mice showed

that it wae only slightly if at all, toxic.

Intravenous

injections of 40 mgm(producing a 1:5000 concentration ot
the preparation in the

blood right after injection) into

cats caused no change in blood pressure, heart beat, and
respiration.

Perfusion of the isolated cat's heart with

Ringer-locke solution containgng 1:5000 penicillin pro-

duced progressive slowing during fifteen minutes and at

the end of that time the heart appeared to be ceasing to

beat.

However, perfusion with Ringer-loeke solution alone

rapidly reviYed it.

Florey et al (2) found no damage done

to the central nervous system of rabbits after the eisternal
injection of a 1:1000 solution of penicillin.
According to Robinson (61) crude penicillin is toxic
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tor mice when gi•en intravenqusly in large single doses.

of 0.5, 1.0, 1.5 and 2 grams per kilogram of body weight.
These doses correspond to 30,· 60, 90 and 120 thousand
Oxford units per kilogram respectively.

Penicillin was

well tolerated by mice when given d&ily doses of 1.6
grams per kilogram subcutaneously over a 5 day period,
under the same conditions 3.2 grams were found to be

lethal tor some mice. After intravenous injection of
0.5 gram per kilogram, the mice became inactive, depressed,

and then became restless and evinced some respiratory
distress.

All the mice had wate·ry eyes; with the higher

dosages, the veins of the ·cornea and ear appeared to be

dilated.

Tissues of ail mice were yellow.

With higher

dosage levels, a significant drop in body temperature

occurred after intraTenous injection.

When·doses of 0.8

or 1.6 gm/kilo. was given subcutaneously in divided doses
for 5 days, the mice appeared normal with the exception

of a slight local reaction at the injection site.

Highly

purified preparations are much less toxic than the crude
product.(23)

However, the toxic dose of crude penicillin

appears to be about 64 times the affective dose as de

termined by subcutaneous injection in mice.

Clinically penicillin has been found, thus far, to
be relatively non-toxic.

The toxic manifestations ean

be,t be SUD1.Dled up from the following group cases.
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The earliest clinical trials, which included some
200 cas9s, reported by the English workers, Abraham,
Chain et al (2); Florey and Florey f22), gave some

evidence of toxicity.

It was found that occasionally

·the blood urea would increase but would return to normal
on the day on which penicillin was discontinued.

No case

in this series developed albuminuria, but when present
initially it has cleared up under penicillin thera�y.
Fever often increased when penicillin was first admin
istered, b�t gradually subsided.

Th�rombophlebitis and

soreness at injection sites were at times present, but
all ·the above monif'estations of toxicity were thought to
be due to impurities since the more purified preparations
gave less reactions.

The following reactions were observed in 500 cases
reported by Keefer.(40J
1.

Fever & Chills ..• These were recorded in 12

cases and fever in 5.

In several it was difficult to

attribute these reactions to the penicillin, since chills
and irregular �ever was present tiefore treatment was
started and they continued tor a short time following
treatment.

In others however, it was plain that these

reactions were due to the injection.of pen1c1111n s1noe

the injection of 10,000 units from some lots caused chills

�and fever, but 5,000 units from the same lot did not.

.

In a few patients who were afebrile before treatment

•

was begun a low grade fever varying from 100 to 101· F.

would occasionally occur and last for several days. This
was noticeable particularly in patients who were re

ceiving pen1c1111n 1n large amounts continuously.

2. Urticaria. •••· Urt1car1al eruptions were re

ported in 14 cases.

Their cause remains obscure, sibce

in some of the cases the' urticaria did not appear for
several days after penicillin was discontinued, in

others it did not recur when penicillin was discontinued,

in other it did not recur when penicillin was again in
jected, and in still others it developed during the ex
hibition of it.

3. Thrombophlebitis ••• This complication at the

site of injection was recrded in 19 cases.

It has been

noted with certain lota ot material and is likely to

occur when injections are made repeatedly and when con

centrated solutions •�e used.

There is also some in

dividual susceptibility to thrombophleb1t1s since some

patients devel9pe it and others do not. Pain along the
course of the vein durin the injection of material h&s
been complained of! by some patients.·
4. Miscellaneous complain.ts.

Gluteal tenderness

at site of injection, transitory attacks of throbbing

paiB in the head, flushing of the face, tingling in the
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testes, pains in the muscles and constriction in the
chest have been observed.

All·these complaints lasted

only a few minut9s and disappear spontaneously.

It has

been round that some impurity carried over from the ex

traction process used to remove pyrogens was responsible
for these reactions.

Pass'ing the solutions through a

Seitz filter removed the substances, and racent lots of
penicillin have not caused these reactions.
Aside from. the patients who had developed urticaria,

there were none who aeveloped any signs or sensitivity

to penicillin in this series.

In a aeries or 100 cases by Dawson and Hobby (10)

only 3· patients developed a mild urticaria, thrombo

phdebit1s in one case and chills and fever were observed

in the early cases when an impure material was being

used but none in the later cases.

Some patients com

plained or slight discomfort at site of injection in

muscle but this reaction varied with different lots of
the material.

In a. recent series of 62·cases by Herrell (31),no
reaction or chills and fever were noted, and only 3 oases
developed a mild thrombophlebitis and this occurred only
when

5% dextrose wa� used.

Thus, 1t may be summed up to the fact that pure

penicillin when not used with pyrogenic water or stale infusion sets 1� non-toxic.
-52-

ChemotherapZ
The chemotherapeutic value of penicillin in vivo

was first investigated by Chain et al (7) in 1940.

Their therapeutic tests were carried out on mice in

fected with streptococci, staphylococci, and Cl. septique'
with the following results:

or the streptococcus-in

fected series, 24 of 25 of the treated animals survived,
25 or 25 of the controls died; of the staphylococcus

series, 21 or 24 of the treated.a�imals survived, 24 of

24 of the controls died; and of the cl. septique series,

there were 24 of 25 treatment survivals and 25 of 25
control deaths.

The general principal of treatment was

to maintain an inhibitory concentration of penicillin
in the tissues by repeated subcutaneous injections.

individual dose injected as a 1% solution varied from
0.5 to 2 mgm.

The

Treatment was continued for from two to

tour days in the case ot the pyogenic cocci and for
ten days 1n the case of cl. segtique.

No attempt was

made t6 determine the optimal therapeutic dose.

Hobby et al (39) found that subcutaneous injection

of 1.5 mgm of penicillin was sufficient to protect mice

against at least 1 million lethal doses of hemolytic

streptococci, even when treatment was delayed until eight
hours after infection.

Mice were similarly protected

against a lethal strain of pneumococcus typeII.

Further

experiments showed penicillin to be effective intra-53-

peritoneally and intravenously.

It was shown that a

single subcutaneous injection of ·about· 3 ,ngm of peni

cillin ia sesame oil was adequate to protect 66% of

mice against intraperitoneal inoculation of over 1000

lethal doses or hemolytic streptococci.

When same

dosage in pellet form was implanted subcutaneously,

from one to four hours after infection, 66% of the mice

surTi,Ted.

Robson and Scott (65) applied penicillin in a

very dilute solution locally to corneal ulcers in rabbits
produced with staphylococcus and found it definitely

beneficial in the he ling of the lesion.

This was only

true if treatment was started within one hour after the
inoculation of the organisms.

In comparing penicillin with the efficacy or the

sulfonamides, Powell and Jamieson (51) found th.a� peni
cillin was twice as effective as sultathia-zole when

given orally to mice injected intraperitoneally with

staphyloooccus aureus.

Robinson (61) found it more

effective than sulfan1la�1de or its derivatives in

staphylococcal, streptocooaal and pneumococcal infections

in mice.

Hae and Hubert (26) reported.that penicillin

was far superior to sulfonamides in the treatment
welchi1 infections in mice and guinea pigs.

or

A single

- injection of 50 units of penicillin administered sub-

Cl.

cutaneously at the time of intramuscular inoculation

with Cl. welchi1 protected 98% of the intected animals.
Repeated small doses of penicillin gave as much pro

tection ae did single large doses.

Delay in the insti-

.tution of therapy lowers the survival rate, but not
appreciably unless the delay is ove� three hours.

Local

lesions were co�pletely healed within th�ee weeks if
_penicillin was injected repeatedly into the sites of
infection.

Mc Intosh and Selb1e (46) also found that

penicillin injected within three hours at the site of
inoculation was a powerful prophylactic agent agains�
Cl. welch1i infection in mice.

In experiments with mice infected with.myeo

bacterium tu'berculosis(avian), Trypanosoma equsperdum
and influenza virus, Robinson (61) found that penicillin
gave no protection when inoculated subcutaneously every

for three weeks in the case of the tuberculous·miee, and

until death in the other two infections.
Heilman and Herrell (28) demonstrated that an over
whelming infection due to a strain or the spirochete of

relapsing fever, Borrell& novyi, could be controlled in
experimental animals by frequent injections of penicillin.

Augustine et al (3) confirmed thee findings and also

demonstrated that penicillin does not effect to:a:oplasmss1s

""&nd trypanosomiasis.
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TJ;lerapeutic errect1veness of penicillin on in
fections produced by Leptospira icterohemorrhagica in
guinea pigs was shown in experiments, by He1lmam and

Herrell (30),
• in which their were 32 guinea pigs inrected with the spirochetes.

Of the 32 pigs treated

with penicillin none died of the disease; three died

from toxic effects of pen1c1111n.

Of the 32 g.pigs

untreated, 29 died of �e1l's disease, a mortality of 91%.
In deter1ining the effect of penicillin on ex

perimental infections with the virus of psittacosis,
104 mice were infected with lethal doses of the virus.
Of the 52 untre�ted mice, all died, a mortality rate

of 100%.

or the 52 treated mice, only four died, a

mortality rate of 8%.

The virus was not eradicated

co�pletely from the animal tissues; however, it is

· obvious that penicillin protected most or the treated
mice against fatal infection.(29}

Studies by Corman (9) at the Wistar Institute or

Anatomy and Biology, have revealed a selectiv·e lethal

effect of penicillin upon rat and mouse sarcoma cells.
In roller tube cultures, untreated sarcoma cells grown
t

with normal fibroblasts derived from expl&nts of muscle

from the same strain of tumor host, grow as vigorously
as the normal eells.

However, upon addition or pen1-

� c1111n, the sarcoma cells were selectively damaged.
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With proper choice of the dosage level, it was round

possible to kill all the sarcoma cells without damaging

the normal fibroblasts.

Higher dosage damaged the non

malignant cells, but required a dosage two to three

times that required to produce an equivalent injury in

•lignant cells.

Tillett, Cambier and Harris (69) demonstrated that

mice inoculated with sulfonamide resistant pneumococc1

type I and III isolate·d from pneumonia patients recovered

with the administration or penicillin.

After Chain et al (2)(7) found that penicillin was

not toxic for animals, they treated five patients with

staphylococcus and streptococcus infections that had not
improved with sulfonamide therapy.
patients.

These were moribund

or these patients two died, on� from suppuration

of the race, scalp and both orbits, the other from cav

ernous sinus thrombosis.

Three patients recovered, one

from osteomyelitis, the second from carbuncles, and the
third from septicemia.

In all cases the white count

showed a decrease toward normal.·

One 6 month bld baby

was sucessfully treated orally for a staphylococcus

aureus urinary infection.

In all patients the t•mperature

fell and the general and local conditions improved.

A

reerudescance or infection in the two patients that died,

could be attributed to insufficient administration of
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penicillin and the disease having been to wide sp�ead
before treatment was started.

Drops of a 1:5000 solution

of :penicillin 1n normal saline were applied to tour
cases with inflammation oi the eye.

They all recovered

rapidly with'no 111 effects.
Delafield (11) in experimenting with antiseptic
snuffs round penicillin snuff to be very'effective in
reducing the number of staphylococci 1n the nose and

nasal pharynx, though this work shows promising results,
it can not be adequately evaluated since the supply or

penicillin was lim.ited and only four subjects were used.

Herrell �31)(32) has recently reported on ten cases

treated With penicillin.

Two patients with chronic

ulcers of the lower extremities due to staphylococcus

aureus, one of which was associated with osteomyelitis,

The

were treated locally and showed marked improvement.

multiple large abscesses on the scalp and neck of another
patient were aspirated and injected with pen1c1111n. The
lesions were due to a staphylococcus aureus infection

and disappeared 48 hours after inJeotion or penicillin.
Thrae patients with facial cellulitis due to staphylococcus
aureus and one due to a non-hemolytic streptococcus

re-

covered after intravenous administration of large amounts
-

ot pen1e1llin.

One patient with postoperative pyelo-

� nephritis and one with po�toperative wound infection, the
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causative organism being staphylococcus aureus, re
covered after intravenous •,herapy.

Several or these

cases had a moderate leukopenia, but the leuk&cyte
count rose during penicillin therapy and usually this
increase paralleled recovery. In all cases with leuko
cytesie, the leukocyte count showed a decrease after
penicillin therapy was started.

A patient with subacute

bacterial endocarditis ·due to a green-producing strepto
coccus was treated with a continuous drip therapy tor

six days;

While the treatment was in progress, the

patient was afebrile and·the blood cultures were negative

but

4

to 6 hours after treatment was discontinued, the

blood culture was positive.
Florey (22) reported 15 cases of serious illness
t_reated with penicillin by mouth, intravenous or intra
muscular injection and 172 cases of infections of eyes,
mastoid process, chronic wound sinuses and m1acellan1ous
local septic conditions treated locally with penicillin.
Of the 15 cases, teri patients had osteomyelitis, pyem1&,

or some other generalized staphylococcal 1ntect1on, one

had a sulfonamide-resistant streptococcal rnfection; three
were infected with act1nomycos1s or �treptothr1x plus

an anaerobic streptococcus, and one had subacute bacterial
endocard1t1s due to streptococcus vir1dans.

In these

patients, oral treatment was discarded after the first
two trials because of unsatisfactory results; intra-
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muscular, intravenous, 1ntrapleural, and lntrathecal

routes were utilized, either alone or in combination,

and occasionally an injection was made locally into a
sinus or abscess.

All patients with staphylocaccal infections and

one with a streptococcal infection were cured.

The

2 eaaes of actinomycos1s was not informative because
of inadequacy of dosage, �lthough the streptothr1x

was eliminated.

The patient with subacute bacterial

endocarditis improved during treatment but relapsed
as soon as penicillin was withdrawn.
In 2 of the 5 tested strains from these patients,

resistance to penicillin developed to some degree.

or

the 172 infection of eye, mastoid, chronic

sinus and misc. 22 cases of infections of mastoid·
were treated by surgery, closing up the wound, thus
establishing a closed cavity into which penicillin was

injected every 12 hours.

Of the 22 cases treated,

primary healing occurred-in 19; 2 failures occurred

early in the series and might be attributed to lack
or experience with the method.

A total

or 89 eye

tnrect1ons, including bleph&r1t1s, acute and chronic

conjunctivitis, and dacryocyst1tis, was treated locally
with penicillin.

for years.

Many of the i_nfections had persisted

Very good results were obtained, although

some relapses took place.
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In this series of infections 11 chronic wound
sinuses wers treated by injection of penicillin solu

tion(200 to 500 units per c.c.) under pressuer through

a catheter inserted to the bottom of the tract which
was then plugged by a rubber bung, by insertion of

penlc1111n powder in short sinuses, and by injection

of rrom 5 to 20 c.c. ot solution into empyemas, with
closure of the opening for all but one hour before the
next injection. All these cases, except 2 empyemas,
he Jled wit.hin four weeks; in the 2 resistant cases,

surgery was required for a fistula and sequestration.

Fifty other cases were treated locally, including

infected fingers, empyemata, wounds, carbuncles, and

dermatitis.

They demonstrated Pepeatedly the ability

or penicillin to remove staphylococci, streptococci,
and pneumococci when applied locally.

One case of

meningi_tis due to staphylococcus aureus appeared to be
cured by repeated cisternal injections of penicillin.
Clark (8) applied penicillin in the form of a

cream (containing 120 oxford· unite/gm.) to 54 burns
and scalds in various stages of healing with a view
to the elimination of hemolytic streptococci.

In 41

(76%) of the wounds, these organisms disappeared with

in 5 days and did not reappear.

In 7 instances, the

st�ains whioh promptly disappeared were insensitive to

sulfonamides.

There were no cases in which the appli

cation of penicillin appeared to have no effect.
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Staphylococci also disappeared quickly from many of .the

wounds.

Healing was unusually rapid and no toxic effects

were observed.

The application of the ointment was

repeated four ti!'.!1es at intervals or rorty-e1'.!ht hours.

Herrell, Cook and Thompson {34) used pen1c1111n in

the treatment of five cases or gonorrhea which were
resistant to sulfonamides.

Penicillin was administered

by continuous intravenous drip.

In one case the patient

received 32,000 units during the first 24 hours, 24,000
units the second day, and 12,000 units later.

Dysuria

and urethral distress subs1ded five hours after treatment began on the first day and did not return.

The

first negative cultures were obtained after 17, 21, 48,

48, and 48 hours respectively.

The cures were permanent.

The Director of Venereal Disease Research Laboratory,

Staten Island, N.Y., reports that 76 patients who had

not been cured of gonorrhea through sulfonamide therapy
were cured, with 1 exception, by intramuscular injection

of 10,000 units of penicillin every 3 hours day and

night, tor 48 hours.

In another group, 25 patients were

given 5 intramuscular injections of 20,000 units each
over a period of' 12 hours w1t_h satisfactory results.

lfahoney et �l (43) gave.a preliminary report or 75

patients with sulfonamide resistant gonorrhea.

The

routine therapy covered a period or 45 hours and con
sisted of an intramuscular injection of 10,000 units of

penicillin sodium every 3 hours night and•day.

Seventy

four of the 75 patients were free or clinical evidence
of infection and h�d a negative smear and culture at
end of treatment.

Priest (52} reports or 9 sulfonamide resistant

cases that became free from urethral discharge with
negative smear in 48 hours following 12 intramuscular
injections, total of 180,000 units.

Recently Mahoney, Arnold and Harris (44) have re

ported the successful use of penicillin for the treat
ment of early syphilis.

Thea authors reported 4 cases

of males with early syphilis, observed for a period

sufficiently long to permit comparison with results pro
duced by more conventional forms of treatment.
patient displayed a single penile ulceration.

Each
Darkfield

examination revealed characteristic Treponema pallidum
in numbers varying from 2 to 10 per field.

of the ulcerations averaged 8 days.

The duration

The treatment con

sisted of an intramuscular injection of 25,000 units of

penicillin at 4-hour interva-ls night and day, for 8 days.
The total number of injections was 48 and the total
amount of the drug.was 1,200,000 units.

Darktleld ex

amination became negative about seven hours a!ter treat
ment was started, and �at1enta became progressively

�serologically negative.

Although these results are very-
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favorabl� no positive statem�nt can yet be made as to
the degree of success that will be reached with the

treat�ent of syphilis with penicillin since this study

was very limited.

�loomt1eld, '.18.ntz and Kirby (4) have confirmed the

findings of Mahoney (44) as to the use of penicillin in
the treatment of ·syphilis.

In a series of 7 cases of

early (aero-negative and seroposit1ve) syphilis.

The

Treponema pall1dum. disappeard from the surface lesions
and condylomas in approximately 12 to 24 hours.

Bordl�y et al (5) reports that penicillin is suitable

for irrigation of the middle ear or accessary nasal

'sinuses, and appeared to be especially effec:t,ive against
staphylococci and bactericidal for aerobic and anaerobic

streptococci and pneumococci infections.

It was not

toxic or irritating to the mucosal membranes/

A recent report (52) from the Mediterranian war
area gives us many interesting results obtained with

penicillin.

Jeffery (52) states that,"with penicillin

the obstacle of infection bas been practically over-

come".

Recent flash wound and compound fracture wounds
were closed with primary suture

and a standard course

or 100,000 units of penicillin given daily for 5 days.

Penicillin appeared to be rather effective against
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gas gangrene, four out or seven severe oases recovered.
Treatment includes full doses of antitoxin to combat
the toxemia and the excision of all dead tissue , since

penicillin aannot reach it.

3 to 5 days is advocated.

Systemic administration for

Treatment of infected, penetrating brain wounds

3-12 days old proved very successful.
were suppurating.

Many of the wounds

The wound• were excised, cleaned and

closed, injection of penicillin solution being given

at 12 hourly· intervals for 3-5 days through a stab hole
into the brain abscess cavity.

Material-aspirated from

the wounds .showed no gr&a-pos1tive organisms.
average dose was 15,000 units.

The

Of 23 cases only 3 died -

2 of intracran1al infection:

Burns which remained persistently infected with

sulfonamide resis:ant hemoly�ic streptococci responded
very well after administration of penicillin locally and

free skin grafts took satisfactorily in spite.of the

presence of gram-negative pus.(52)

A recent
clinical study by Dawson and Hobby
'

(lot

based on 100 cases confirmes the previously reported

effectiveness of penicillin in the t_raatment of infections
due to staphylococci, pneumocooci, streptococci, gono

cocci and meningococoi.

In this study it was found

that penicillin was ineffective in the treatment of 3
cases of primary atypical pneumonia. The lobar
- -65-

pneumonia responded favorably as did the cases of
meningitis.

Subacute bacterial endocarditis cases

were une!fected.
Many cases studied by Major Champ Lyons in the U.
S. army (42) substantiates the privious report as to

.the value of penicillin 1n bhe above mentioned acute
infections.

Penicillin has also pr�ved very valuable

for chronic infections in gun shor fractures, it con

trols the infection thus increasing the appetite of
patient and thus blood protein is raised and sub
sequent healingttakes place.

�ons (42) also reported

that 2 cases of anaerobic cellulitis (Cl. perfringens)
responded favorably to penicillin.
In a series of 62 cases studied by Herrell(32) at
Mayo Clinic satisfactory results were obtained in 42

cases.

The infections treated were due to staphylococci,

gonococci streptococci, act1nomyetes and micrococci.
Of the four cases of actinomyc·os1s treated with penicillin.

three were diagnosed as maxillofacial actinomycosis and
treated with one failure and two recoveries.

The other

case was abdominal actinomycosis complicated by a Ca.

or the colon; the result was unsatisfactory.

A most recent report by Loewe et al (41) of the

treatment of subacute bacterial endocarditis with com
bined Penicillin and Heparin therapy has given promising
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results.

Of seven consecutive patients treated all

showed uniform sterilization of the blood and relief
ot clinical manifestations.

The daily dosage ot peni

cillin varied from 40,000 to 200,000 units and the total
ranged fro m 867,920 to 7,890,340 units.

The heparin

dosage approximated 300 mg. every second day when given

subcutaneous�y or 20 mg. daily when incorporated in the

.venoclysis.

Penicillin was given by the continuous

intravenous drip method.

Keefer and associates (40), from their investi

gations and other case reports, recommend the following
infections for which penicillin therapy is indicated
and �hose for which it ha.a, proven or no value.
INDICATIONS

l.

All staphylococcie infections with and with-

2.

All oases or oloatridial 1ntect1ons:

.3.

All hemolytic streptococcic infections with
baoteremia &nd all serious local infections:
Cellulitis, �astoidit1s with intra-cranial
complications, i.e. meningitis, sinus throm
bosis, etc., Pneumonia and empyema, puerperal
sepsis, peritonitis •

4.
5.

out bacteremia, Acute osteomeylitia, Carbuncles
soft tissue abscesses, Meningitis, Cavernous
or l ateral sinus thromosis, Pneumonia- ·
empyema, Carbuncle of Kidney, Wound infections.

Gia gangrene
Malignant edema

All anaerobic 1treptococc10 infections:
Puerperal aepa1a

All pneumococc1c infections or meninges, pleura,
endocard1um, all cases of sulfonamide-resis
tant pneurnococcic pneumonia.
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6.

All gonococc1c 1ntect1ons complicated by
Artbr1t1s, opa.thalmia, endocarditis, per
itonitis, epididymitis, also all oases or
sulfonamide-resistant gonorrhea.

7. All meningococcic 1nteet1ons not responding to
the aultonamidea.

1.

2.

3.
4.
5.

6.

7.

8.
. 9.

CONTRAINDICATIONS

All graa-negative bacillary infections:
Typhoid, paratyphoid, dysentery, E. coli,
�- influenzae, B. proteus, B. pyocyaneus,
Br. mel1tens1s(undulant fever), tularemia,
B. triedlander.

Tuberculosis
Toxopl&smosis
Histoplaamosie
Acute rheumatic fever
Lupua erythematosus
Infectious mononucleosis
Pemphigue
Hodgkin's disease

10.

11.
12.

13.
14.

15.

16 •

Acu-te &: chronic
leukemia
Ulcerative colitis
Coccidioidomycosis
Malaria.
Poliomyelitis
Blastomycoeis
Mon11iasis

Penicillin 1a ot questionable value 1n mixed infections
ot the peritoneum and 11Ter in which the predom
inating organism is of the gram negative flora 1.e.
Ruptured appendix, liver abscesses, urinary
tract infections. Also 1n rat-bite fever due to
Streptobac1llus mon1litormis.

P&n1c1111n is an ertective agent in the following diseases
but 1ta position has not been definitely defined:
1.

Syphilis 2.

Aet1nomycos1s 3. Bacterial
endocard1t1s
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Administration and Dosage of Pen1o1111n
Dosage schedules with penicillin will undbubtedly

However, at the present,

undergo revision in the future.

the dose in units depends upon the infection being
treated.

Thus instances of severe staphylococcic b&cter-

emia •111 require relatively large doses for compara

tively a long period

or time.

On

the other hand, eases

of sulfonamide-resistant gonorrhea appear to require re

latively small doses.

In their report on the treat�

ment of 500 cases with different types of infection, the
Committee on Chemotherapeutic and Other Agents (40} has

made the following tentative recommendations:
Method

or preparing penicillin tor treatment.

Since penicillin is extremely soluble, it may be

dissolved 1n small amounts of steril distilled pyrogen
tree water, in sterile isotonic solution of sodium
chloride, or in

5% dextrose solution. When large unit

sizes are being used in hospitals, the contents ot the

ampoule should be dissolved in water or saline so that

the final concentration is 5,000 units per cubic centi
meter.

This solution should be stored under aseptic

precautions in the ice box, and made up freshly e�ery
day.

Solutions for local or parenteral use may be di

luted further, depending upon the concentration desired.
For direct intravenous inJe�tion from a syringe,

' the powder is dissolved in sterile isotonic saline 1n

concentrations or 1,000 to 5,000 units per cubic centi-69-

For slow, constant intravenous therapy it 1s

meter.

dissolved in saline or dextrose in a concentration of
25 to 50 units per cubic centimeter.

For intramuscular injection, the volume.must be

kept small, 5,000 units per cc. of isotonic saline
solution being the usual concentration.
For topical application the powdered sodium salt
of penicillin is irritating to wound surfaces and should
not be used.

Solutions in physiologioal salt solution

with a concentration of 250 units per cc. are satis

factory..

For resistant or more intense infections this

concentration may be increased to 500 units per cc.
Methods ot administration or penicillin.

There are three common methods or administering
penicillin- intravenous, intramuscular, and topical.

Subcutaneous injections are likely to be painful and

should be avoided.
Repeated intramuscular injections �ay be tolerated
less well than repeated or constant intravenous in

jections.

In many cases, however, the intramuscular

route may be the of one of choice.
In the treatment of meningitis, empyema, and sur
face burns or limited extent, penicillin should be used
topically, that is, injected directly into the suba�achnoid space, into the pleural cavity or applied
locally in solution containgin 250 units per cc.
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Dosa5e

The dosage ot pen1e111in will vary rrom one patient
to another depending on the type and severity ot in
tectlon.

In the experience of Keefer and associates (40)

it was round that recovery followed in many serious 1n
r.ect1ons following 40,000 to 50,000 units a day, in

others 100,000 to 120,000 or even more was necessary.

However, the objective 1n every ease is to bring the in

fection under control as quickly as possible.

The

following recommendations are made at the present •�th
a full realization that revisions may be necessary as

experience accwaul.a.tes. {40)
A.

In aerioua infections due to hemolytic streE.,

Staphylococcua aureua, or pnewaococeus with or with out
bacteremia, an initial dose ot 15,000 to 20,�00 units
with continuing dosage as:
1.

Constant intrayenous· injection or normal saline

solution containing penicillin so tha t 2,000 to 5,000
units are delivered every hour, aaking a total of 48,000

to 120,000 units in a 24-hour period.

One-half the

total daily dose may be dissolved in a liter of normal
saline solution and allowed to drip at the rate ot 30 to
40 drops per minute.
·2. If continuous intravenous drip is undesirable,

� then 10,000 to 20,000 units may be injected intra
muscularly every 3 or 4 hours.
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3.

After the temperature has returned to normal

the penicillin dosage may be reduced by half, but it

should be continued tor at least seven days after the
temperature is normal.
B.

In chronieally infected compound inJur!e�,

oateogelitis and septic infections of the soft parts,

an initial dose o� 10,000 units followed by 10,000 units

every three hours parenterally, with local treatment as
indicated:
C.

Sulfonamide-resistant gonorrhea,

1.

10,000 units every 3 hours intramuscularly or

intravenously for ten doses.

It is not likely that the

same effect may be obtained with 20,000 units every 3
hours tor 5 doses.

The minimum dosage has not been

worked out completely,

The results of treatment should

be controlled by culture of exudate.
D.
1.

Empyema

Penicillin in normal phusiolog1cal saline

solution should be injected directly into the empyema
cavity after aspiration of pus or fluid.

This should be

done once or twice daily, using 30,000 or 40,000 units
depending upon the size of the cavity, type or infection
and number or organisms.

Penicillin solutions should

not be used ior irrigation.

It requires at least 6 to 8

hours for a maximum effect of ·penicillin.
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E.

Meningitis

1.

Penicillin does no1:, penetrate the subarachnoid

,pace in appreciable a�ounts, so that it 1s necessary to

inJect penicillin into the subarachnoid space or intra
c1sternally in order to produce the desired effect.

Ten

thousand uni ts diluted in physiological _saline solution
in a concent•a ti on ot 1��0.00 units per cc. should be

injected once or twice daily, depending upon the clinical
course and the presence o:r organisms.
F.

1.

Pneumococcic pneumpnia

60,000 to 90,000 units per day for three to

seven days is advised, although rec·overy has followed

the use or 100,000 units given over a period of three

days.

It should be remembered that penicillin is exreted

rapidly in the urine so that following a single injection
it 1s otten impossible to detect it in the,blood for a
period longer than 2 to 4 hours.

It is well, therefore,

to use repeated intramuscular or intravenous inJections
every 3 or 4 hours, or to administer it as a continuous
infusion.
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